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Abstract 
 
The ALICE experiment at CERN is undergoing several major upgrades, one of which is a 
replacement of the trigger system, which will be composed of a suite of detectors known as the 
“Fast Interaction Trigger” or FIT.  One part of the FIT collaboration team’s objective is the upgrade 
of the T0 detector, which provides the time stamp for events and acts as a trigger for the rest of the 
ALICE detectors.  The T0+ will detect Cherenkov radiation from charged particles emitted in p-p 
and Pb-Pb collisions at the CERN Large Hadron Collider. The photodetectors are micro-channel 
plate photomultiplier tubes that improve the timing resolution and minimum bias trigger efficiency 
over the current T0.  This report outlines the T0+ detector array and its components, as well as the 
team’s process of testing and analyzing the detectors. 
 
  
   
 2 
Table of Contents 
1 Introduction .................................................................. 3 
2 Background .................................................................. 6 
2.1 Standard Model of Particle Physics ................................... 6 
2.2 ALICE Detectors ............................................................... 7 
2.3 FIT ..................................................................................... 8 
2.4 Photonis MCP-PMT ......................................................... 10 
3 Procedure and Analysis ............................................. 11 
3.1 Photon detector procedure................................................ 11 
3.2 MCP-PMT Testing ........................................................... 14 
3.2.1 Characterization Tests .............................................................. 16 
4 Discussion ................................................................... 18 
5 Conclusion .................................................................. 20 
6 References ................................................................... 21 
  
   
 3 
1. Introduction 
 
The vision for a scientific body in Europe started in the 1940s during the second world war. Many 
scientists were either fleeing Europe to America or being recruited to either the Allies or Axis 
powers. When the war ended, the idea of stopping the emigration of scientists and unifying a post-
war Europe began to take shape. In June 1953, the CERN Convention was drafted and signed by 
12 countries [2]. CERN’s main headquarters is in Meyrin, Switzerland, near Geneva and the 
French border. 
 Today, CERN’s mission is to use their particle accelerator technologies for research in 
fundamental physics while uniting people from around the globe [3]. Figure 1 shows the CERN 
Globe of innovation, a publicly accessible science outreach installation. CERN is at the forefront 
of scientific discovery and accelerator technology. CERN hosts and operates the Large Hadron 
Collider (LHC), the world’s largest particle accelerator. The 17-mile-long tunnel sits 50-100 
meters below the ground and spans two countries: France and Switzerland. It is also the coldest 
machine on the planet. The large magnets used to accelerate and steer particles along the ring are 
cooled to temperatures of nearly 2 K, or -456˚F, which enables them to superconduct electricity to 
reach the needed magnetic field strength. Ironically, the behemoth machine is also emptier than 
the vacuum of space. Inside the accelerator is an ultra-high vacuum of 10-13 atmospheres, so the 
speeding particles don’t collide with any gas molecules. The LHC accelerates primarily two types 
of beams: proton-proton (p-p) and lead-lead (Pb-Pb), but also proton-lead (p-Pb) beams. During 
the latest run, Run II which lasted from 2015-2018, p-p collisions were conducted at 13 TeV 
center-of-mass energy and 5.5 TeV for Pb-Pb collisions.  
Figure 1. CERN Globe at night [1] 
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Seven experiments operate at the LHC, four large and three small. One of the large 
experiments is ALICE, or A Large Ion Collider Experiment. ALICE is home to one of the largest 
solenoid magnets in the world, the L3 magnet. ALICE is a collaboration with more than 1500 
physicists, technicians and engineers from 154 institutions, which includes Cal Poly, across 37 
countries. The ALICE site is located in eastern France, near Meyrin and Saint-Genis-Pouilly. 
Figure 2 shows the ALICE control room during a p-p beam collisions in the summer of 2018 [4].  
The LHC is the final link in a chain of accelerators. Protons come from basic hydrogen gas 
canisters, subjected to an electric field to pull the electrons off. They are then injected into Linac 
2, the first accelerator. Linac 2 increases the proton’s energy to 50 MeV. The Proton Synchrotron 
Booster (PSB) accelerates protons to 1.4 GeV. Following the PSB is the Proton Synchrotron (PS), 
increasing the proton beam energy to 25 GeV, then the Super Proton Synchrotron (SPS) 
accelerating the beam to 450 GeV. A map of the accelerator complex is shown in Figure 3. 
 
After the SPS, the protons transfer to two beam pipes in the LHC. The two beams travel in 
opposite directions around the giant ring. It takes almost 25 minutes for the beams to be filled and 
Figure 2. ALICE Control room operating a Physics run of p-p 
collisions at 13 TeV during the night shift on 16 July 2018 
Figure 3. Map of the CERN accelerators [5] 
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reach 6.5 TeV. They run for roughly eight hours at a time and collide at four different detectors – 
ALICE, ATLAS, CMS and LHCb. A single proton can take as many as 11245 turns in the LHC 
in a second. In a single event, around 1 Mb of raw data is produced. In a single second, around 600 
million events occur. 
Lead ions come from vaporized lead before entering Linac 3. From there the ions enter the 
Low Energy Ion Ring (LEIR). The heavier nature of the ions makes the acceleration time longer, 
so LEIR was designed for them. After this, lead is injected into the PSB and follows the same 
injection route as protons [6]. 
ALICE studies the strong nuclear force, which is described by the theory known as 
Quantum Chromodynamics (QCD). One of the predictions of QCD is that at high temperatures 
and/or densities, quarks and gluons normally confined inside hadrons are free and form a a Quark-
Gluon Plasma (QGP). ALICE specifically aims to study the characteristics of QGP by colliding 
two heavy nuclei (Pb-Pb) at very high energies to produce intense energy densities and 
temperatures up to 5.5 trillion degrees [7]. The detector signals left by a Pb-Pb collision is shown 
in Figure 4. 
 Particle physics is the branch of physics that studies fundamental particles. During the first 
half of the 20th century, nuclear and quantum physics experiments and theories lead to the 
discovery that atoms were composed of smaller particles, but in the 1950s and 1960s high-energy 
collisions shed light on even smaller particles [8]. From this, the Standard Model was born. 
 
Figure 4. Pb-Pb collision event in ALICE [9] 
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2. Background 
2.1 Standard Model of Particle Physics 
 
The Standard Model (SM), created in the 1960s and 1970s, explains all known fundamental 
particles and forces in the universe. There are four known forces: electromagnetic, weak and strong 
nuclear, and gravitational, though the SM can only fully explain and describe the first three forces. 
There are two subcategories of elementary particles: fermions and bosons, particles characterized 
by either a half-integer or integer spin, respectively. 
Bosons also have 2 subcategories: gauge and scalar. Scalar bosons are a new subcategory 
with the discovery of the Higgs boson. Gauge bosons are known as the force mediators. These are 
particles that mediate the force. The four kinds of gauge bosons correspond to each of the four 
forces: photon (electromagnetic), W and Z (weak interaction), gluons (strong interaction), and 
graviton (gravity), though the graviton is only theoretical as of now because there is no 
observational evidence for its existence. A comprehensive chart of the particles in the Standard 
Model is shown in Figure 5a. 
Under fermions, there are quarks and leptons. Leptons have electromagnetic and weak 
nuclear interactions. Electrons are the most well-known in this group. Quarks are the particles that 
make up protons and neutrons. They have strong nuclear interactions and have a characteristic 
called color charge, similar to electric charge, but with three states (red/blue/green) instead of two 
(positive/negative). This is not related to the common term color; it is simply an analogous term 
used in QCD to differentiate strong nuclear interactions of particles [10][12]. Mapping out the 
Figure 5a. (Left) Pictorial representation of the Standard Model [10] 
Figure 5b. (Right) Animation still of QGP from a simulated Pb-Pb collision [11] 
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interactions among these particles as a function of energy, particle type, and interaction strength is 
an ongoing experimental program in both particle and nuclear physics. 
 
2.2 ALICE Detectors 
 
QGP is the result of colliding two nuclei at very high energy. In the brief moment after collision, 
the quarks and gluons are separated from hadrons. The QGP lasts for only the briefest instant, but 
it has a dynamic evolution that leaves an imprint on the particles that come from its transition back 
into normal matter. ALICE has a 16 m tall, 16 m wide and 26 m long detector array. Inside are 19 
different subdetectors. Each subdetector has a specific job and uses different means to detect and 
identify the final-state particles produced during the collisions. 
After a collision happens, the start of the event is time logged by the T0 detector and the 
orientation of the collision or event plane is found from the V0 detector. The Forward Multiplicity 
Detector (FMD) measures the number of charged particles from the QGP and their orientation. 
There are 3 systems, Inner Tracking System (ITS), Time Projection Chamber (TPC), and 
Transition Radiation Detector (TRD), that map the trajectory of each particle with precision. The 
ITS has such fine position resolution that it can determine if a particle was produced from different 
decaying particles not at the primary vertex, but at a distance as small as a tenth of a millimeter 
away. 
The Time of Flight detector (TOF) tracks particles’ flight time with a precision down to 
100 picoseconds. From the location of the TOF and its timing information, the speeds of particles 
can be calculated. The High Momentum Particle Identification detector (HMPID) measures the 
small amount of Cherenkov light produced by different species of detected particles traversing its 
Figure 6. ALICE Detector at LHC [13] 
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radiator crystals. The TRD also measures the radiation from different particles and can separate 
the signals of high momentum pions and electrons. The information from these three detectors are 
primarily used to distinguish and identify different types of particles [7][14]. 
 
2.3 FIT 
 
Once these detectors are installed in ALICE, most are unable to be removed. If one has a hardware 
defect, then it must stay that way until the next Long Shutdown (LS). During Runs, CERN never 
shuts down the LHC unless there is a major problem with the beam line or an experiment has 
requested a momentary pause. Between Runs, CERN fully shuts the LHC down and experiments 
along the ring can make upgrades. LS2 is currently underway and Run III is expected to start in 
early 2020. ALICE is upgrading every detector it has currently installed. During LS2, ALICE is 
introducing the Fast Interaction Trigger Detector (FIT), which is a suite of integrated detectors, 
the T0A+, T0C+, and the V0+, that will work together to determine with high efficiency the 
occurrence and basic characteristics of a desired collision event. 
As mentioned earlier, the T0 generates a time stamp for the start of an event. However, it 
is more than just a fancy timecard. T0 is a trigger, which means that it determines if the rest of the 
detectors in ALICE should record a specific event.  The T0+ will improve these and many other 
functions, chiefly the timing resolution. 
FIT will provide the minimum bias trigger with a 99% discrimination efficiency and 
improve the time resolution of a start signal from 100 picoseconds to 30 picoseconds. It will also 
Figure 7. MCP-PMT with quartz radiators. 
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provide a higher multiplicity trigger for charged particles and event plane discrimination. To be 
able to have these functions, the T0 and V0 will be removed and replaced with the cleverly named 
T0+ and V0+ [13]. 
The current T0 and V0 detectors use photomultiplier tubes (PMTs) for detecting charged 
particles. If FIT wants to reach the 99% efficiency in discriminating beam line interactions, then 
the current PMTs will not be sufficient. Instead, the T0+ and V0+ will use a combination of quartz 
radiators and micro-channel plate PMTs (MCP-PMT), shown in Figure 7. Quartz has an index of 
refraction of around 1.45 and is an optically clear material, meaning very little light is absorbed or 
reflected and most light travels all the way through the material. The detected particles are 
travelling at speeds near the speed of light in a vacuum, higher than the speed of light in quartz. 
As a consequence, a high-speed charged particle traveling through the quartz will emit light in the 
form of Cherenkov radiation. The blue and white light in Figure 8 is intense Cherenkov radiation 
from nuclear reactor fuel rods in water shielding [15]. 
The MCP-PMTs are placed behind the radiators to detect the Cherenkov light from charged 
particles produced in the collision. If the signal is large enough, the event is time-stamped and 
recorded. 
 
 
 
Figure 8. Cherenkov radiation [16] 
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2.4 MCP-PMT from Photonis 
 
MCP-PMT technology has advanced greatly in recent years. FIT has chosen the Photonis XP85012 
Planacon for having the largest active area and lowest price per surface. This model of MCP-PMT 
operates within the intense magnetic field inside the L3 magnet of ALICE. The MCP-PMTs are 
divided into four sections, as seen in Figure 7. Each quadrant will operate as an independent 
detector. The sum of the signals from each quadrant of each MCP-PMT in the 24 and 28 element 
arrays will be summed to determine the trigger signal [13]. If it exceeds a designed threshold, the 
event is recorded. In addition, the signals from the A and C sides will be combined in AND (A&C) 
and OR (A|C) signals, which are meant to maximize the efficiency of the Minimum Bias trigger. 
Table 1 shows efficiency comparisons between the current V0 and the proposed T0+. The C-side 
for the T0+ will be placed around the beam pipe 70 cm away and the A side will be placed 373 cm 
away. As Table 1 implies, the A|C has higher detector efficiency than A&C. However, the timing 
resolution is worse for A|C because only one side is being used [20][21]. 
 
 
 All photomultipliers have a similar blue print from Photonis: an optically transparent 
window for incident photons to pass through to a semitransparent photocathode. The photocathode 
Table 1. Efficiency comparisons between V0 and T0+. Asterisks indicate 
simulations performed with simplified geometry [20] 
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can be made from one of seven materials that are photo-emissive. Electrons from the photocathode 
are accelerated and focused towards the dynodes. In MCP-PMTs, the microchannel plates are glass 
tubes with microscopic diameters, arranged compactly and in parallel. An example is shown in 
Figure 9. A single MCP-PMT is divided into 64 individual channels. Photonis does not provide a 
voltage divider for the device, so a custom one must be created. An MCP-PMT from Photonis 
should yield a quantum efficiency of 22% and have a typical voltage for 105 gain of 1800V. 
Photonis does not have a typical heat-up resistance readily available; they test each device for use 
prior to shipment and report the value. Our lowest desired resistance for the MCP-PMTs is 12 MΩ 
[17][18]. 
 
 
3. Procedure and Analysis 
3.1 Photon detector analysis process 
 
The Cal Poly group is funded by NSF Award Number 1624988 for the procurement and testing of 
half of the MCP-PMTs for the T0+ A-side detector for FIT. However, during the summer of 2017, 
the design specs of the MCP-PMTs were not yet finalized and testing of the detectors was not yet 
possible. To make the best use of time, the Cal Poly group developed a full engineering workflow 
Figure 9. MCP-PMT glass tube array [17] 
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and procedure for testing using stand-in equipment. This section will describe those activities and 
results. 
 The CAEN DT5742 desktop digitizer was chosen for data acquisition. It has 16 
independent channels and outputs the data in easy to read files. A red He-Ne laser with a pulsed 
signal simulated the Cherenkov light from charged particles and four Hamamatsu C12702-11 
Avalanche Photodiodes (APD) were used in place of the MCP-PMTs. The ADPs were encased in 
customized 3-D printable housing boxes. They were mounted on an optics table with large v-clamp 
optical stands. 
Rather than having the signal generated by turning the light on then off (up-pulse), it is 
created by having light turn off then back on (down-pulse). This means the signal measured is a 
negative pulse rather than positive. The laser signal was split using two 50:50 non-polarizing beam 
splitter cubes, which meant each APD received a fraction of the initial beam’s intensity. 
The digitizer’s manufacturer, CAEN, provided a program called WaveDump to record and 
write waveform data. For our application, the default configuration file, 
WaveDumpCongif_X742.txt, needed to be modified to allow for self-triggering. Determining the 
proper settings and configure file syntax were more difficult and time-consuming than anticipated 
because the documentation provided with the digitizer was not very clear. The ultimate goal is to 
develop custom control software for operating the digitizer, but in the meantime, the settings and 
parameters established through our research are documented here. 
To add in the two banks of channels for this digitizer, add: 
WRITE_REGISTER: 1080 F9C4 FFFF 
WRITE_REGISTER: 10A8 FF FFFF 
And 
WRITE_REGISTER: 1180 F9C4 FFFF 
WRITE_REGISTER: 11A8 FF FFFF 
These parameters are written in hexadecimal and correspond to specific channels. The first 
line allows the first bank of channels (1080) to record and write what the trigger level is (F9C4) 
and which channels are turned on (FFFF turns on all). The second line controls which channels 
write data to files (10A8 FF FFFF). The third and fourth lines are the same for the second bank of 
eight channels (1180) and (11A8). The trigger level must be set before running the WaveDump 
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software. For a given input signal, this may require trial and error until the correct self-trigger level 
is determined. 
 
 
The formula for converting from hexadecimal to decimal is  
 
ℎ𝑛16
𝑛 + ℎ𝑛−116
𝑛−1 +⋯+ ℎ116
1 + ℎ016
0  (1) 
 
where the variable h is the hexadecimal value converted to decimal of the nth placement. Table 2 
and Equation 1 show how to convert between the two. 
Using WaveDump, the waveforms were recorded and exported to a customized Python 
script. The code would plot the waveforms, calculate amplitudes, rise times, time of pulse and 
create histograms of these characteristics. 
In the left panel of Figure 10, each waveform is identified by approximately how much of 
the original laser signal it received and corresponds to a specific APD. The signal is recorded in 
WaveDump with arbitrary units. 
 The right panel of Figure 10 shows histograms of each APD’s average measured amplitude 
of the pulses. This figure demonstrates that each APD’s measured amplitude did not exactly 
Decimal 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 
Figure 10. (Left) Waveforms of APD signals (Right) Average pulse amplitude per 
APD. The difference in mean location is due to the APDs receiving a different portion 
of the initial laser intensity 
Table 2. (Top) Conversion table for decimal values to hexadecimal values 
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correspond with the hypothesized amplitudes. The blue signal, which should be half the signal and 
therefore the largest, is indeed the largest. However, if this is indeed half, then the red signal should 
be half the amplitude of the blue, since this is the APD that received a quarter of the original signal. 
Using the peaks of the histograms, the red amplitude is more than half of the blue. 
 The other channels, coded in green and cyan, each received an eighth of the signal each, 
showing similar behavior. The mean of the green histogram is about half that of the blue histogram, 
and the cyan plot is slightly lower, although the cyan and green histograms should have peaks 
centered near the same value. 
 These differences could be from misalignment of the light on the APD sensors, or from 
stray ambient light from the computer. 
 These results show that we have developed a testing procedure that can be used for the 
MCP-PMTs. The APDs were used as a substitute for the FIT modules and the analysis for 
characterization. 
 
 
3.2 MCP-PMT Testing 
 
The first production-level MCP-PMTs were delivered to CERN for testing by the FIT 
collaboration beginning in Fall 2018. This section describes the test stand and procedures, as well 
as characterization results for the first few batches of delivered MCP-PMTs. Our group helped 
construct the light-tight box, participated in the removal of the T0 detector from the ALICE cavern 
after Run II, and contributed to the testing of the second batch of MCP-PMTs during December 
2018 at CERN. The purpose of the tests is to confirm the specifications provided to the 
Figure 11. (Left) MCP-PMT as delivered by PHOTONIS next to a modified MCP-PMT assembled at CERN. 
(Right) Batch 1 received in November 2018, ready for testing at CERN. 
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manufacturer have been met and to determine the best of each MCP-PMT in the FIT detector array 
to optimize the device for operation and longevity. 
 As each MCP-PMT is received, a few components must be soldered onto the back-plate 
before it can be tested. A comparison of the devices before and after is shown in the left panel of 
Figure 12. The back-plate is a custom printed circuit board (PCB) designed to channel signals from 
16 different MCP readout channels into one output such that the time of arrival is equalized and 
there is no difference in the signal time from the different areas of the MCP face. These PCBs were 
designed and fabricated by the FIT collaborators in Russia and sent to Photonis, who attached them 
before sending the MCP-PMTs to us. Once the PCBs are attached, a high voltage (HV) connector 
to power the device, voltage divider and shielding to encase the MCP-PMT are all done at CERN. 
 Once the modifications to the Planacons are complete, they must be tested. These modules 
are still PMTs, so testing is done inside a light sealed test stand, shown in Figure 12, with the cover 
on (left) and with the cover off (right). The test stand is made from aluminum sheet metal, 
aluminum angled brackets for support, and the inside is layered with black paper on all sides except 
the top, which is covered in white paper. The black paper is meant to absorb or dampen as much 
stray light as possible while the white paper diffusely reflects the incident light back down toward 
the modules. 
In the right panel of Figure 12, a reference PMT is seen in the middle chamber. This is for 
reference and comparison when testing the MCP-PMTs, which are placed in the side chambers. 
All detectors receive the same pulsed signal; and all outputs lead to an oscilloscope. 
 
 
Figure 12. (Left) Closed test stand constructed at CERN. (Right) Internal view of test stand with equipment. 
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3.2.1 Characterization Testing 
 
There are six characterizations tests each MCP-PMT is subjected to before being approved for 
FIT: spectra for calibration, gain, heat-up resistance, anode current, after pulse ratio, and quantum 
efficiency (QE). 
 
The spectral curve is the basic parameter testing to identify the pulse shape and MCP 
resistance. Gain curves show how well the MCP-PMT amplifies the light signal received. This is 
a major factor in placement selection. Those with better gain might be placed closer to the center 
of the array, where the density of charged particles is the highest. Figure 13 shows the results of 
such tests. 
Heat-up resistance and anode current tests indicate how well the MCP-PMT will operate 
over time. If any module fails any of these tests, the MCP-PMT is rejected for use in FIT and sent 
Figure 13. Gain vs bias voltage 
 
Figure 14. Average anode current 
Figure 15. MCP resistance vs time 
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back to Photonis and a new one must be sent. Examples are shown in Figures 14 and 15. Note in 
Figure 15 the blue coded MCP-PMT does not meet our desired resistance. 
After pulses come from cross talk of the devices and from faulty microchannels in the 
MCP-PMT. The lower the ratio, the better the device. Results for four tested MCP-PMTs are 
shown in Table 3. Quantum Efficiency (QE) is the ratio of the number of detected photons 
compared to the number of incident photons and is typically in the range of 20-30% for the best 
devices. The results of QE testing of the first four MCP-PMTs are shown in Figure 16. The blue 
coded MCP-PMT is the same as the blue coded results in Figure 15. This module also did not meet 
our desired QE. 
The next step of testing the remaining devices is long term high voltage testing. Each MCP-
PMT is biased at a certain voltage for around 500 continuous hours. Figure 17 shows the results 
of this testing. The blue coded module exhibits irregular behavior which is not corrected when the 
biased current is switched with that of the green coded MCP-PMT. This, along with the lower QE 
and resistance, lead to this particular module being rejected. 
Table 3. After pulse ratio results 
 Figure 16. QE for Cherenkov light 
Figure 17. Long term bias current 
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Once this lengthy test is finished, the final judgement of the detectors is cast. After all tests 
from Batch 1 conducted in November 2018 were completed, one was deemed unfit and returned 
to Photonis.  The rejected MCP-PMT did not meet the heat-up resistance threshold. 
 
 
4. Discussion 
 
Since the first batch of four MCP-PMTs arrived in November of 2018, Photonis was to send 10 
MCP-PMTs every month. However, Photonis has not kept that schedule. The third batch was 
delayed in January 2019, and they did not send one until February 2019, as indicated in the right 
panel of Figure 15. By the end of April 2019, FIT was to have 50 MCP-PMTs tested. Yet, as the 
left panel of Figure 15 shows, only 22 have been tested and approved for FIT. To that point, at 
least 5 devices were rejected for various reasons. 
 The T0+ C-side detector has a slight curvature for each MCP-PMT photocathode to be the 
same distance from the event vertex. This is to minimize the angle dependence of the detected 
signal. FIT-C must be constructed first because it must be mounted on the support structure of 
another detector and installed before the others. For that reason, we need enough sensors to 
complete FIT-C as soon as possible. A model of the FIT-C side is shown in Figure 19. 
Figure 18. (Left) Time table of MCP schedule 
(Right) Calendar overview of MCP testing as of February 20, 2019 
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The FIT-C detector must be installed in the cavern before the rest of the ITS can be 
installed, since it will be the closest to all events among FIT detectors. Figure 20 shows a rough 
location of FIT-C and -A detectors relative to the ITS and the Muon Forward Tracker (MFT). Once 
installed at Point 2 in Saint-Genis, it cannot be removed. Therefore, it is vital that the remaining 
MCP-PMTs are delivered and are approved on time. 
 
 The FIT upgrade was proposed in 2012 and since then, the collaboration has been actively 
working on prototypes, simulations, and modeling to determine what materials and photodetector 
models to use. In 2017 and 2018, deadlines were met on time, as indicated in Figure 21. As LS2 
draws on, FIT has run into more problems that have forced pressure on the team. Photonis not 
delivering on the MCP-PMTs has been a big concern for meeting the FIT-C detector deadline, 
which was set to be ready in May 2019. A delay in delivery was approved by ALICE until mid-
June 2019. 
Figure 19. The configuration of FIT-C. 
 
Figure 20. Rendering of FIT-A and C placement along 
beam, relative to ITS and MFT 
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5. Conclusion 
 
This report outlines the analysis procedure, developed in 2017, for the testing of Photonis XP85012 
Planacon MCP-PMT modules to be in the T0+ component of the FIT detector upgrade by the 
ALICE Collaboration. As of May 2019, 21 of the necessary 52 modules have been approved for 
FIT-C use. This is enough to begin the assembly of the first half of FIT-C. Photonis has promised 
a larger shipment of 12 modules for June 2019. If this is the case, the second half of FIT-C may 
be assembled as early as the start of July 2019 and the FIT collaboration will be able to meet its 
goals by the skin of our teeth. 
 I feel honored to have helped on this project that will lead to the next 10 years of research 
for ALICE. The collaboration allowed me to work in a large group and with small teams, but 
encouraged me to learn and grow on my own. 
 
 
 
Figure 21. Time table of FIT tasks completed and to be completed. 
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